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This invention relates to electrical circuits and 
more particularly fo circuits for use in connec- 
tion with radio object locating systems fo indi- 
cate the presence of moving objects. 
Radar or radio object locating systems are em- 
ployed fo locate the position in space of objects 
surrounding the system antenna. The location 
of these objects is accomplished by radiating 
short duration high ïrequency exploratory puises 
ïrom a directional antenna and receiving object 
returned echoes with the saine or a similar an- 
tenna. The rime interval between the time an 
exploratory pulse is transmitted and the time 
an object returned echo is received is propor- 
tional to the range fo the object returning the 
echo. The azimuth and elevation oï the axis of 
the antennas at the rime the echoes are ïeceived 
is substantially equal fo the azimuth and eleva- 
tion of the object from the system antenna since 
the antenna is highly directional. 
It is sometimes desirable fo eliminate signals 
from fixed objects and present on the system 
dicator only that data relating fo moving objects. 
This IS done to remove ground clutter from the 
indicator and to eliminate any fixed signals that 
might obscure signais from moving objects such 
as aircraft, ships, land vehicles, etc. 
To eliminate signais resulting from fixed ob- 
jects all received echo signals are mixed or ad- 
ditively combined with a reference oscillation 
that has a fixed phase with respect to the trans- 
mitted exploratory puises. Echo signa]s from 
any fixed object will always have a constant 
phase with respect to the reference oscillation 
since the distance to the fixed object is constant. 
For a simflar reason signals from moving ob- 
jects will have a variable phase with respect to 
the reference oscillation because the distance 
between the antenna and the moving objects is 
constantly changing. The combination of the 
reference oscillation and echo signals from fixed 
targets will result in signais of constant ampli- 
tude and the combination of the reference oscil- 
lation and echo signais from moving objects will 
result in signais having a cyclic variation in 
amplitude. Ail the signais are then amplified 
and detected in the normal fashion. Before the 
signais are applied to the ystem indicator they 
are passed through a comparator circuit that 
eliminates signais of constant amplitude While 
allowing signais of varying amplitude fo pass. 
Comparator circuits heretofore used have em- 
ployed delay lines or mosaic storage tubes and 
norma21y operated on the individual signais. 
Certain disadvantages, such as the necessity of 
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using special precision circuit elements are en- 
countered in the employment of existing com- 
parator circuits that may be obviated by use of 
the present invention. 
  If is an object of this invention, therefore, fo 
provide a novel comparator circuit. 
It is a further object of this invention fo pro- 
vide a comparator circuit in which conventional 
capacitors may be employed as storage elements, 
10 thus eliminating the need for delay lines or 
mosaic tubes. 
A still further object of this invention is fo 
provide a comparator circuit operating on a sec- 
tion of the radar range rather than on individual 
15 pulses. 
For a better understanding oï the invention fo- 
gerber with other and ïurther objects thereoï 
reïerence is had fo the following description 
taken in connection with the accompanying 
20 drawing in which: 
FCg. 1 is a schematic drawing in block ïorm of 
the present invention and; 
Fig. 2 is a schematic drawing oï one operating 
element of the invention. 
25 In Fig. 1 video signais from the system 
ceiver are applied fo three integrator circuits 10, 
II, and 12 by means of an input connection 
These video signals are usually termed coherent 
video signais, since the characteristics of the 
30 amplitudes of the various signals indicate 
whether the object that caused the signal is fixed 
or moving. Integrating capacitors 
and discharger circuits I, I$ and O are elec- 
trically connected to integrator circuits 
35 and I, respectively. The integrator circuits may 
be any of the circuits well known in the art and 
will, upon receipt of a control signal, place 
charge on one of the integrating capacitors that 
is substantially proportional fo the voltage-rime 
40 integral of the video signals applied thereto. The 
discharger circuits may be any of the circuits 
well known in the art that will discharge the 
integrating capacitors upon the receipt of a con- 
trol signal. A series of trigger generators 
4 6, ], , $, O and 1 are connected in a series 
combination so that as each generator turns 
self off the next in the series is turned on. The 
first generator in the series, generator , is 
turned on by a trigger pu]se or initiating voltage 
50 signal applied by way of an input connection 38. 
Every third trigger generator starting with gen- 
erator 4 is electrically connected to integrator 
I  and discharger I $, every third generator start- 
ing with generator  is electrically connected to 
55 integrator I I and discharger O, and every third 
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generator starting with generator 2 is electri- 
cally connected to integrator 12 and discharger 
18. It should be understood that there may be 
more or fewer generators in the series than are 
shown in Fig. 1. The number of generators in 
the series will depend on the application oï this 
invention. 
Clamp circuits 35, 36, 37, 38, 3S, 40 and 1 are 
electrically associated with storage capacitors 45, 
46, 47, 46, 49, 59 and 5! respectively. The clamp 
circuits may be any of the circuits known in the 
art that will transïer the charge on the inte- 
grating capacitor to a storage capacitor or place 
a charge on the storage capacitor equal to the 
charge on the integrating capacitor. Again the 
number of clamp circuits and storage capacitors 
will depend upon the particular application of the 
invention but the number of clamp circuits and 
storage capacitors in general wfll be one less than 
the number of trigger generators. Trigger gener- 
ators 25, 26, 27, 28, 29, 39 and 3! are electrically 
connected to clamp circuits 35, 35, 37, 38, 39, 49 
and 41, respectively. 
Every third clamp circuit starting with circuit 
35 is connected to integrating capacitor I, every 
third clamp circuit starting with clamp circuit 
36 is connected with integrating capacitor 15 and 
every third clamp circuit starting with clamp 
circuit 37 is connected to integrating capacitor 
!6. A storage capacitor and the associated clamp 
circuit and trigger generator may be considered 
as a single storage unit. 
One terminal of each of the Storage capacitors 
are connected in common and connected through 
a resistor 55 to ground. An output connection 
56 connected to the ungrounded end of resistor 
6 provides means for connecting the output 
thereacross to indicator 7. 
Fig. 2 of the drawing iilustrates one operating 
unit of the circuit shown in Fig. 1. Integrator 
circuit 69, Fig. 2, corresponds to any of the inte- 
grator circuits shown in Fig. 1. Discharger cir- 
cuit 8l, clamping circuit 62, integrating capacitor 
63, storage capacitor 6, and trigger generators 
6, 66 and 67 correspond to similar elements in 
Fig. 1 and are simflarly connected. Input con- 
nections 79 and ! correspond to input connec- 
tions 3 and 3, Fig. 1, and output connection 
72 corresponds to output connection 56, Fig. 1. 
lesistor 3 in Fig. 2 corresponds to resistor  
in Fig. i and the indicator 4 corresponds to in- 
dicator 7 of Fig. 1. 
The operation of the invention is as follows: 
Video signals are applied at input terminal 13, 
Fig. 1, from the system receiver (hot shown). An 
initiating trigger is applied to trigger generator 
24 by way of input connection 33 at the time the 
exploratory pulse is transmitted by the system or 
at such other flxed rime as may be selected. 
Trigger generator 2 supplies a signal of a pre- 
determined rime duration to integrator 19 which 
causes this circuit to apply to integrating capac- 
itor 4 a charge that is proportional to the volt- 
age-time integral of the video signals occm'ring 
while integrator 19 is operative. 
The time that integrator 9 is operative is 
usually a fraction of the maximum range of the 
system. In this example it may be assumed that 
integrator 19 is operative ïor one ninth of the 
maximum range of the system. Ai the end of 
the time interval representing one-ninth of the 
range of the system, generator 24 returns to its 
initial operating state. At the rime generator 24 
returns to its initial state a signal is applied to 
trigger generator 25 to cause this circuit to be- 
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corne operative. Generator 2 now supplies a 
signal to integrator ! ! that causes this circuit to 
place on capacitor ! a charge equal to the in- 
tegral of all video signals received while gener- 
ator 25 is operative. Usually, although hOt nec- 
essarily, the time interval that generator 26 and 
the other trigger generators in the series are 
operative will be substantia]ly equal to the rime 
interval that generator 24 is operative. 
Trigger generator 2 also supplies a signal to 
clamp circuit 35, thereby causing circuit 3 to 
place a charge on capacitor 4 t.hat is equal or 
proportional to the charge stored on capacitor 
I. At the end of the predetermined time in- 
terval generator 2  rettu'ns to its initial state and 
generator 26 is rendered operative. The signal 
from generator 26 is applied to integrator 12 to 
cause a charge to be placed on capacitor 16 that 
is proportional to the integral of the video signals 
occurling during the rime generator 26 is opera- 
tire. Clamp circuit 36 is also rendered operative 
by a signal from generator 26 and circuit 35 
places a charge on capacitor 4 that is equal or 
proportional to the charge on capacitor 15. The 
signal from generator - applied to discharger I 
causes the charge on capacitor 14 to be removed. 
When, in turn, generatol 27 is ruade operative 
integrator 9 again causes a signal to be placed 
-. on capacitor 4 that is propoltional to the in- 
0 tegral of the video signals occurling in the 
fourth section in range of the system. At the 
saine time the charge on capacitor 15 is trans- 
ferred to capacitor 47 and capacitor 15 is dis- 
- charged. In the next section of time or range, 
35 that is when generator 2 is operative, capacitor 
15 is again charged, the charge on capacitor 14 
is transfelred to capacitor 8 and capacitor I 
is discharged. This cycle is repeated as many 
times as there are sections in range to be inte- 
40 grated. It can be seen from the foregoing tha +, 
any one integrator, integrating capacitor or dis- 
charger is operative for every third section in 
range but that a separate trigger generator, 
clamp circuit and storage capacitor is provided 
45 for each section of the range. It should be re- 
membered, however, that the video signals repre- 
sented by the stored charges thus far described 
resulted from the reflection of a single explora- 
tory pulse from all objects both flxed and moving 
50 that lie within the beam of the antenna. 
After all the trigger generators in the series 
bave operated the circuit is returned to its initial 
state except ïor the charges on the storage ca- 
pacitors. The next exploratory pulse is now 
55 transmitted by the system and trigger generator 
24 is again made operative. Echoes in the flrst 
section in range produce video signals that cause 
a charge to be placed on capacitor ! 4 in the man- 
ner described above. The charge placed on ca- 
60 pacitor 14 during the first section in range after 
the second exploratory pulse will be the saine as 
the charge placed on this capacitor in the flrst 
section in range after the flrst exploratory pulse 
only if there are no moving ob]ects in this section 
65 in range. If moving objects are present in-the 
flrst section in range the change in amplitude 
of the video signals representing these targets 
will cause the charge placed on capacitor 4 to 
be different ïrom that originally placed thereon. 
70 If an object moves away from the system the 
signal representing this oject may more from the 
first to the second section in range and this, too, 
will cause a change in the charge placed on ca- 
 pacitor ! 4. 
75 In the second section in range when capacitor 
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 5 is being charged as a result of video signals in 
the second section in range the charge on 
pacitor 45 fs being altered to correspond to the 
charge now existing on capacitor 14. It should 
be understood at this point that, after the lïrst 
exploratory pulse, the charge placed on capacitor 
45 and the other storage capacitors fs hot equal 
fo the charge on the integrating capacitor but 
rather the charge placed on or removed from 
the storage capacitor fs just that amount neces- 
sary fo adjust the charge on the storage capacitor 
fo the new value of charge on the integrating 
capacitor. 
Assuming for the moment that the charge on 
capacitor 14 for the second exploratory pulse is 15 
greater than the charge for the first exploratory 
puise, an incremental charge must now be added 
fo capacitor 4. This charge must be added 
through resistor 5, and therefore a signal will 
appear across resistor  that fs proportional to 2O 
the change in charge on capacitor 45. In a similar 
manner the charges on all the storage capacitors 
are adJusted to new values corresponding to the 
video signals resulting from the relïection of the 
second exploratory puise. This readjustment in 25 
stored charge fs repeated for each succeeding 
exploratory puise. The signals appearing across 
resistor  are applied fo a suitable indicator, for 
example, an oscilloscope having a "Type A" pres- 
entation to provide a visual indication of the 30 
signals appearing across resistor 5. In the type 
A oscilloscope indicator the beam of a cathode 
ray tube fs swept linearly across the face of the 
tube and any signals to be displayed cause a 
delïection of the beam at right angles fo this 
sweep or rime base. The output from the circuit 
shown in Fig. 1 will cause only one indication to 
appear for each section of range and then only 
if there are moving targets in that section of 
range. This type of display makes if much easier 
for the operator to locate moving targets than 
would be the case in a normal type A oscilloscope. 
In systems employing auxiliary indicators to dis- 
play fo an expanded scale sections in range of 
the total range of the system this invention might 45 
conveniently be employed as a toaster indicator 
to indicate what sections in range, if any, include 
moving targets and therefore which sections 
should be assigned normal radar indicators or 
other types of sectional moving target indicators. ,0 
The circuit shown in Fig. 2 represents one op- 
erating element in the circuit shown in Fig. 1. 
The video signals are applied to integrator 
which fs ruade operative by trigger generator 
A charge proportional to the voltage-rime inte- 
gral of the applied video signals fs applied fo ca- 
pacitor 63. After a predetermined rime generator 
65 returns to its normal state and generator 
becomes operative. Clamp circuit 6 places a 6O 
charge on capacitor 64 equal fo the charge on 
capacitor 63. Trigger generator 66 returns to 
its normal state and generator 6 becomes opera- 
rive and discharger 61 removes the charge on 
capacitor 65. Trigger generator 6] then returns 
to it nomal state and the cycle is repeated for 
the next exploratory puise. Signals indicating 
the presence of moving targets appear across re- 
sistor ]$ and are applied to indicator ]4 by way 
of the connection labeled "video out." 0 
The unit shown in Fig. 2 may be used where it 
fs hot desirable fo break the maximum range of 
the system into sections. Generator 6 may be 
ruade operative for a period of rime correspond- 
ing to the maximum range tobe covered by the 
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system and generators 66 and 6 may be made 
operative for a much shorter period of rime. 
It shouid be evident that the operation of the 
circuit of Fig. 2 fs exactly the saine as the opera- 
tion of the circuit of Fig. 1 and further the cir- 
cuit shown in Fig. 2 may be considered to be 
identical fo the circuit shown in Fig. 1 since tt 
was stated that the number of clamp circuits, 
trigger generators, and storage capacitors in Fig. 
1 is subject to variations depending upon the 
application of the invention. 
Therefore, while there bas been described what 
is at present considered the preferred embodi- 
ment of the invention if will be obvious fo those 
skilled in the ar that various changes and modi- 
fications may be ruade therein without departing 
from the invention. 
What is claimed is: 
1. A signal comparator circuit comprising firsb, 
second and third integrator circuits, means for 
applying signals tobe compared to said three 
tegrator cfl'cuits, first, second and third integrat- 
ing capacitors electrically connected fo said first, 
second and third integrator circuits respectively, 
first, second and third discharging means elec- 
trically connected to said first, second and third 
integrating capacitors respectively for discharg- 
ing said capacitors, a series of at least three 
storage circuits each comprising a clamp circuit, 
a storage capacitor electrically connected there- 
fo, and a trigger generator controlling said clamp 
ch'cuit, each said trigger gnerator in said stor- 
age circuits being controlled by a signal from 
the trigger generator in the preceding storage cir- 
cuit in the series, an initial trigger generator 
controlled by an external synchronizing signal, 
said initial trigger generator controlling the op- 
eration of the trigger generator in the first stor- 
age circuit in said series, means for connecting 
said initial trigger generator to said first 
tegrator circuit and to said second discharging 
means, means for connecting said trigger gen- 
erator in said first and each third succeeding 
storage circuit fo said second integrator cir- 
cuit and fo said third discharging means, means 
for connecting the trigger generator in said sec- 
ond and each third succeeding storage circuit to 
said third integrator circuit and fo said first dis- 
charging means, means for connecting said trig- 
ger generator in said third and each third suc- 
ceeding storage circuits to said first integrator 
circuits and fo said second discharging means, 
means ïor connecting one terminal of said stor- 
age capacitor in each of said storage circuits in 
common and through a resistor fo ground, an 
indicator, and means or applying signals ap- 
pearing across said resistor fo said indicator. 
2. A signal comparator circuit comprislng a plu- 
rality of integrating circuits, means or apply- 
ing signals to be compared fo said integrating 
circuits, a plurality of integrating capacitors, 
a plurality of storage circuits, means for alter- 
nately charging said integrating capacitors 
through alternate integrating circuits, means or 
periodically causing said storage circuits indi- 
vidually to store a charge proportional to the 
charge on selected integrating capacitors, means 
for discharging each of said integrating capaci- 
tors individually after ifs charge has been stored 
on one of said storage circuits and means or 
indicating the change in charge in individual 
storage circuits and thereby indicating changes 
in the signals compared. 
3. A comparator circuit for use in a moving 
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object selecting radar system .adapted to trans- 
mit exploratory puises .and receive echoes of 
said 'puises from objects within a given range of 
said-radar system; said comparator .circuit in- 
cluding a .plurality of elecçrical charge sorage 
devices, means for separately integrating all the 
echo puises received from objects in each of a 
plàrality of portions of said rnge, means fsr ae- 
lecîveIy impressing on each of said storagC de- 
vices the ïntegrated puises fr0m one portion of 
said range, means for dischrging said lntegrt- 
ing means ai least once in each intervl between 
successive exploratory pulses, and means con- 
nected fo all of said storage devices for indicat- 
ing %he variation of the charge on each of said 
st0rage devices duçing successive explor0rY 
puise intervals fo thereby indicate the movemen 
of an object from one portion of said range to 
another portion of said range. 
4. The apparatus defined .In claire 3, wherein 
each .of.said storage devices is a condenser. 
5. A comparator cirCuit for use .ïn a moving 
obJect selecting radar system adapted to trans- 
mit exploratory puises and receive echoes of said 
pulses from 0bjects within a given range of said 
radar system; said comparator circuit including 
a .plUrality of condensers, means including a plu- 
rality f integrating circuits for impressing the 
echo puises from objects in each portion of said 
range on one of said condensers selectively, means 
or discharging each of .said integrating circuits 
afer .ifs charge bas been impressed on one of 
sakl condensers, and means for indicating the 
vsriatiÇn of the chare .on each of :said con- 
densers during successive exploratory puise in- 
tervals. 
. A cornparatr circuit-for nse in a radar sys- 
tem .adapted fo transmit exploratory puises and 
reeve echoes f .said puises OErom objects within 
a iven range of :sad .radar system; sad com- 
parar ;circuit ncluding a plurality of electrical 
. charge ,storage devices, means .for separaely in- 

tegrating and impressing all the echo puises from 
objects n each of a plurality Of lortions of said 
range on said Storage devices selectively, and 
means including a cathode ray tube indicaor 
5 connected fo all of said storage devices for 
dicating he variation of the charge on e.ach of 
said storage devices during successive explora- 
tory puise intervals. 
. The .apparatus defined in c!aim 6, wherein 
10 sad ist0rge devices are condenser$, 
8. A comparator circuit for use in a moving 0b 
ject selecting radar system adaped to transmit 
exploratory pulses and receive echoes "of said 
pulses; said comparator circuit includinga plu- 
1.5 rality of storage condensers, means incluing a 
plurality of storage devices for -$eparutei 
tegrating echo puises .from bjects ai gi.vèn dlf- 
ferent distances -from the radar System, -means 
for impressing the .ingrated echo puises on 
20 said storage condensers selectivety with respect 
fo distance., means for discharging each of satd 
storage devices after its charge hs been 
pressed on said condensers, and means includ» 
ing a cathode ray tube indicator connected to 
25 each of said condensers fer indicating the varia- 
tion of the charge on each of said storage con- 
densers during successiYe exploratory 9ulse 
tervals. 
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